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The research results described in the following summaries were submitted by
the investigators on October 1, 1987 and cover the period from May 1, 1987
through October 1, 1987. These reports include both work performed under
contracts administered by the Geological Survey and work by members of the
Geological Survey. The report summaries are grouped into the five major
elements of the National Earthquake Hazards Reduction Program.

Open File Report No. 88-16

This report has not been reviewed for conformity with USGS editorial stan-
dards and stratigraphic nomenclature. Parts of it were prepared under
contract to the U.S. Geological Survey and the opinions and conclusions
expressed herein do not necessarily represent those of the USGS. Any use

of trade names is for descriptive purposes only and does not imply endorse-
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Southern California Seismic Arrays
Cooperative Agreement No. 14-08-0001-A0257

Clarence R. Allen and Robert W. Clayton
Seismological Laboratory, California Institute of Technology
Pasadena, California 91125 (818-356-6912)

Investigations

This semi-annual Technical Report Summary covers the six-month
period from 1 April 1987 to 30 September 1987. The Cooperative Agreement's
purpose is the partial support of the joint USGS-Caltech Southern California
Seismographic Network, which is also supported by other groups, as well as
by direct USGS funding to its own employees at Caltech. According to the
Agreement, the primary visible product will be a joint Caltech-USGS catalog
of earthquakes in the southern California region; quarterly epicenter maps
and preliminary catalogs have been submitted as due during the Agreement
period. About 250 preliminary catalogs are routinely distributed to
interested parties.

Results

Figure 1 shows the epicenters of all cataloged shocks that were
located during the six-month recording period. This was an extremely quiet
period, and the preliminary data processing is virtually complete. Some of
the seismic highlights of this period were:

Number of earthquakes fully or partially processed: 4682

Number of earthquakes of M = 3.0 and greater: 82

Number of earthquakes of M = 4.0 and greater: 0

Number of earthquakes of M = 5.0 and greater: 0

Largest event within network area: M; = 3.9 on May 11 in Lucerne Valley
area, north of Big Bear Lake, felt in Palm Springs, Big Bear and San
Bernardino

Smallest events felt: both My = 2.6, one on May 12 in the San Bernardino
area and one on July 19 in the Carpenteria area

Number of earthquakes reported felt: 51

Number of earthquakes for which systematic telephone notification to
emergency-response agencies was made: 1

In addition to the smallest felt earthquakes of M; 2.6, many
residents felt and heard the explosion of a fireworks plant in Rialto on 25
September. This event was well recorded by our network and had a magnitude
of Mgy, = 1.6.

Figure 1 shows the activity during the reporting period. This
activity was very typical of long-term southern California seismicity.

On the day following the close of this reporting period, metropol-
itan Los Angeles experienced an My = 6.0 earthquake located in the Whittier



Narrows Recreation Area, near Whittier, Rosemead, and San Gabriel. Damage
occurred in these cities and also in Pasadena, South Pasadena and Los
Angeles. A question has arisen as to whether the unusually low level of
seismicity in the preceding months might be viewed as a precursory quies-
cence to the October 1 earthquake. The last event with M; of 5.0 or greater
within our regular reporting area occurred on 29 October 1986. The question
of precursory quiescence remains unresolved.

Data processing efforts continued throughout the reporting period in
an effort to finish the backlogs created by the installation of a new VAX-
750 in late 1985 and by the 1986 North Palm Springs, Oceanside and Chalfant
Valley sequences. Just before the end of September this effort bore fruit;
the first stage of data processing is complete from 1983 to the present.
(The backlog created by the Coalinga sequence in 1983 remains to be process-
ed.) This first stage of routine analysis includes interactive timing of
phases and location of hypocenters using the CUSP analysis system.
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Regional Seismic Monitoring Along The Wasatch Front Urban
Corridor And Adjacent Intermountain Seismic Belt

14-08-0001-A0265

W. I. Arabasz, R.B. Smith, J.C. Pechmann, and E.D. Brown
Department of Geology and Geophysics
University of Utah
Salt Lake City, Utah 84112
(801) 581-6274

Investigations

This cooperative agreement supports "network operations” (including a computerized cen-
tral recording laboratory) associated with the University of Utah 85-station regional seismic
telemetry network. USGS support focuses on the seismically hazardous Wasatch Front urban
corridor of north-central Utah but also encompasses neighboring areas of the Intermountain
seismic belt. Primary products for this USGS support are quarterly earthquake catalogs and a
semi-annual data submission, in magnetic-tape form, to the USGS Data Archive.

During the report period, significant efforts were made in: (1) further development of a
system for in-situ calibration of remote telemetry stations, (2) conversion of the northern part
of the Wasatch Front seismic network from leased telephone-line telemetry to microwave
telemetry (using a new junction in the state of Utah’s microwave system), and operation of up
to 6 movable telemetry stations in three different target areas (Salt Lake Valley, Utah-Idaho
border area, Great Salt Lake Desert).

Results
1. Network Seismicity

Figure 1 shows the epicenters of 228 earthquakes (ML < 4.8) located in part of the
University of Utah study area designated the "Utah region” (lat. 36.75°-42.5°N, long.
108.75°-114.25°W) during the six-month period April 1, to September 30, 1987. The seismi-
city sample includes thirteen shocks of magnitude 3.0 or greater and four felt earthquakes.

The largest earthquake during the six-month report period was a shock of ML4‘8 @4.7,U
of U; 4.9 USGS) on September 25 (GMT), located west of the Great Salt Lake (A, fig. 1).
The earthquake was felt from Wendover (on the Utah-Nevada border) to the Salt Lake Valley
and was the largest earthquake to occur in the Utah region since the 1975 Pocatello Valley
earthquake of ML6.0. Other felt earthquakes, identified in figure 1, include: (B) an ML3.6
earthquake on April 1, felt in Tremonton, Utah, and other parts of Box Elder County; (C) an
ML3.1 earthquake on April 3, strongly felt in Cedar City; and (D) a small shock of M; 1.7 on
September 10, felt locally in the NE part of Salt Lake City.



2. Lakeside Earthquake Sequence

The ML4.8 earthquake of September 25 (04:27 GMT) in the Great Salt Lake Desert
occurred 16 miles west of Lakeside, Utah, beneath the middle of a broad saline mud flat
between the Newfoundland and Lakeside Mountains (fig. 2a). The earthquake and its associ-
ated sequence attracted attention because of its proximity to a $60-million pumping facility that
began operation in the spring of 1987 to lower the level of the Great Salt Lake by pumping
into the western desert. Earthquake activity has occurred episodically since at least 1965
within 30 km of the September 25 earthquake, including an ML4'0 event in 1967.

A magnitude-time plot for the earthquake sequence through October 26 (fig. 2b), for
events recorded by our network, shows that the ML4.8 shock on September 25 was preceded
by three foreshocks (ML3.9, 2.0, 4.1) and was followed by an ML4.3 aftershock within one
hour and numerous smaller aftershocks of ML < 3.9. Shocks of ML4.3 and 4.8 followed
respectively on October 23 and 26. Portable seismographs were deployed within 20 hrs of the
ML4.8 earthquake on September 25, and four temporary telemetry stations were subsequently
installed (fig. 2a). Detailed analysis of this sequence, including investigation into any possible
connection (e.g. pore pressure diffusion) with the pumping, is currently underway.

Reports and Publications
Brown, E.D., Utah earthquake activity, Wasatch Front Forum, v. 3, no. 2, p. 7, 1986.

Brown, E.D., Utah earthquake activity, January through June, 1987, Survey Notes (Utah Geo-
logical and Mineral Survey), v. 21, no. 1, p. 8, 1987.

[For other reports and publications, see technical summary for companion research award—
R.B. Smith, W.J. Arabasz, J.C. Pechmann, and E.D. Brown, University of Utah, this volume.]



UTAH EARTHQUAKES
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Central Aleutian Islands Seismic Network

Agreement No. 14-08-0001-A0259

Selena Billington and Carl Kisslinger
Cooperative Institute for Research in Environmental Sciences
Campus Box 449, University of Colorado
Boulder, Colorado 80309

(303) 492-6042

Brief Description of Instrumentation and Data Reduction Methods

The Adak seismic network consists of 13 high-gain, high-frequency, two-
component seismic systems and one six-component system (ADK) located at
the Adak Naval Base. Station ADK has been in operation since the mid-
1960s; nine of the additional stations were installed in 1974, three in 1975, and
one each in 1976 and 1977.

Data from the stations are FM-telemetered to recording sites near the
Naval Base, and are then transferred by cable to the Observatory on the Base.
Data were originally recorded by Develocorder on 16 mm film; since 1980 the
film recordings are back-up and the primary form of data recording has been
on analog magnetic tape. The tapes are mailed to CIRES once a week.

At CIRES the analog tapes are played back at four-times the speed at
which they were recorded into a computer which digitizes the data, automati-
cally detects events, and writes an initial digital event tape. This tape is
edited to eliminate spurious triggers, and a demultiplexed tape containing only
seismic events is created. All subsequent processing is done on this tape.
Times of arrival and wave amplitudes are read from an interactive graphics
display terminal. The earthquakes are located using a program developed for
this project by E. R. Engdahl, which uses corrections to the arrival times
which are a function of the station and the source region of the earthquake.

Data Annotations

A major earthquake (Mg 7.6) occurred immediately to the east of the
network coverage area on May 7, 1986 (at 22:47). Thousands of aftershocks of
that earthquake occurred within the network coverage area. At the time of
this writing, the local catalog of hypocenters is still incomplete for the immedi-
ate time period following the mainshock. A discussion of research on that
earthquake and its aftershocks is published under the report of Grant. No.
G1368 (Kisslinger) elsewhere in this volume.

The network was serviced from mid-July through September, 1986. Due
to major logistic problems, two of the westernmost stations could not be
reached at that time, and we were also unable to make a needed return trip to
one other far-west station. Of the 28 short-period vertical and horizontal com-
ponents, 21 were operating for most of the time period of May through July,
1986. By the end of the 1986 surmmer field trip to Adak, 23 of the 28 com-
ponents were operating (AK2z, AK5h, AD3 and AD5 having been brought



back up).

During the time period of August 1986 through August of 1987, AK2z,
AK3, and AK4 were not operating. In addition, there were some periods of
time during this year when AD6 and ADK were intermittently down. Mainte-
nance was performed on the network between mid-August and mid-October of
1987. By the end of the 1987 summer field trip to Adak, 23 of the 28 com-
ponents were operating (AD6 and ADK having been brought back up). Again,
due to logistic problems, AK2z, AK3, and AK4 could not be reached.

Current Observations

So far, 581 earthquakes have been located with data from the network for
the period between the time (20:43) of the Mg 6.0 foreshock of the May 7
mainshock and 24:00 on May 13. During the past six months, project person-
nel have located 123 aftershocks: 49 aftershocks which occurred throughout
May 11, 41 aftershocks occurring on May 12, and 33 aftershocks occurring on
May 13. We have also skipped ahead in time and located 52 events which
occurred in July, 1986. Epicenters of all the events for the time period May 11
through May 13, as well as events occurring within the time periods in July of
9 - 13, and 17 and 18, are shown in Figures 1a and 1b and vertical cross-
sections are given in Figures 2a and 2b.

14 of the events located with data from the Adak network for May 11
through May 13 were large enough to be located teleseismically (USGS PDEs),
of which 5 occurred on May 11, 7 on May 12, and 2 on May 13. A number of
other teleseismically located aftershocks within the network region are difficult
for us to locate due to their arrivals being masked by the codas of other aft-
ershocks. Also, 3 of the events located with data from the Adak network for
the specified dates in July, 1986, were large enough to be located teleseismi-
cally (USGS PDEs). No attempt is being made to locate aftershocks with
duration magnitudes (m,) of less than 2.3. More detailed information about
the network status and a catalog of the hypocenters determined for the time
period reported here are included in our semi-annual data report to the
U.S.G.S. Recent research using these data is reported in the Technical Sum-
mary for U.S.G.S. Grant No. G1368.
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Regional Seismic Monitoring in Western Washington
14-08-0001-A0266

R.S. Crosson and S.D. Malone
Geophysics Program
University of Washington
Seattle, WA 98195
(202) 543-8020

Investigations

Operation of the western Washington regional seismograph network and routine preliminary
analysis of earthquakes in western Washington are carried out under this contract. Quarterly cata-
logs of seismic activity in Washington and Northem Oregon are available for 1984 through 1986,
and the first three quarters of 1987. These catalogs are funded jointly by this contract and others.
The University of Washington operates approximately 80 stations west of 120.5°W. Twenty eight
are funded under this contract.

Data are provided for USGS contract 14-08-0001-G1390 and other research programs.
Efforts under this contract are closely related to and overlap objectives under contract G1390, also
summarized in this volume. Publications are listed in the G1390 summary. This summary covers
a six month period from April 1, 1987 through September 30, 1987.

Excluding blasts, probable blasts, and earthquakes outside the U. W. network, 412 earth-
quakes west of 120.5°W were located during this period. Thirty of these were located at Mount
St. Helens, which was quiet during this interval and which last erupted in October of 1986. The
382 earthquakes outside of Mt. St. Helens and west of 120.5°W indicate a slight increase in
activity over the two preceding six-month periods, which were seismically quiet, and which had
counts (excluding Mt. St. Helens) of 280 (11/86 - 3/87) and 288 (4/87 - 10/87). The current
increase represents a return to a more average level of seismicity.

The largest earthquake located in western Washington or northem Oregon between April 1
and Sept. 30 was a M, 3.9, which occurred offshore on June 19th, about 20 km southwest of the
mouth of Grays Harbor. This is the largest offshore earthquake yet located near the coast of
southern Washington. A depth of 35 km was computed for this earthquake, however the lack of
stations to the west of the event makes accurate depth determination difficult.
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Central California Network Operations I.1
9930-01891

Wes Hall
Branch of Seismology
U.S. geological Survey
345 Middlefield Road - Mail Stop 977
Menlo Park, California 94025
(415) 329-4713

Investigations

Maintenance and and recording of 329 seismograph stations (433 components)

located in Northern and Central California. Also recording 60 components from
other agencies. The area covered is from the Oregon border south to Santa
Maria.

Results

1.

3.

4,

5.

7.

8.

9.

10.

11.

Seismic VCO/AMP replacements for maintenance or upgrade
J302ML - 84 ea
J402H =~ 63 ea
J404L -~ 4 ea
J502 - 21 ea

Assembled and tuned additional forty (40) J502 VCO/AMPs for HVO (total
requirement was 80 ea.) This completes this order.

Installed and began recording Froelich dilatometer (PFRQ, PFRS).

Installation and recording of new seismic components
IRRN (Red Rock Mountain Horz.)
LRRV (Red Rock Mountain Vert.)

Removed following seismic stations
PTFE, PTFN, PTFV, PPFV, LRDN

Installed power modification to all microwave sites so back-up batteries
would be on trickle charge

Halliburton House installation for Parkfield experiment

a. Installed 50 foot antenna tower to recieve telemetry data.

b. Installed telephone type cable from Haliburton House to KAR
microwave site.

New tower installations
a. Reason Peak

b. Hog Canyon

c. Geyser Peak

d. Tassajara

Installed second parabolic antenna at Mt. Tamalpais microwave site for
space diversity reception to Monument Peak.

Realign Cal Tech microwave system

Installed Black Mountain microwave site.
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Alaska Seismic Studies
9930-01162

John C, Lahr, Christopher D. Stephens, Robert A. Page, Kent A. Fogleman
Branch of Seismology
U. S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, California 94025
(415) 329-4744

Investigations

1)

Continued collection and analysis of data from the high-gain short-period
seismograph network extending across southern Alaska from the volcanic arc
west of Cook Inlet to Yakutat Bay, and inland across the Chugach
mountains. This region spans the Yakataga seismic gap, and a special
effort is made to note changes of activity within the gap that might
change our assessment of the imminence of a gap-filling event.

2) Cooperated with the Branch of Engineering Seismology and Geology in
operating 17 strong-motion accelerographs in southern Alaska, including 12
between Icy Bay and Cordova in the area of the Yakataga seismic gap.

3) Responsibility for monitoring of the region around the proposed Bradley
Lake hydroelectric project on the Kenai Peninsula has been assumed by the
University of Alaska.

Results

1) During the past six months preliminary hypocenters have been determined

for 1,357 earthquakes that occured between February and July 1987 (Figure
1). The coda-duration magnitudes (Mp) of the events ranged from -0.2 to
4'73 and 99 were Mp 3 or larger. All 99 were located west of longitude
145°W, and all but 4 had calculated depths deeper than 30 km. The three
largest events with magnitudes Mp > 4 were located at depths between 68
and 200 km within the Aleutian Wadati-Benioff (W-B) zone west of about
Tongitude 150.5° W. On April 18, a My 4.4 (5.6 mp, NEIC) earthquake
occurred at a depth of 68 km about 50 km northwest of Anchorage. Felt
reports (NEIC) included MM intensity V at Anchorage, Eagle River, Palmer
and Skwentna, and intensity IV at Chugiak, Cooper Landing, Fort
Richardson, Seward, Sterling, Sutton, Talkeetna, Tyonek, Whittier and
Willow. The mainshock was followed 12 minutes later by a My 3.6 (4.4
mp) aftershock which was felt with intensity IIl at Palmer and
Anchorage. The April 18 earthquake is the largest Aleutian W-B zone shock
in the upper Cook Inlet region since the mid-1970's when a magnitude 6.1
mp shock occurred on January 1, 1975 at 51 km depth about 100 km
northeast of Anchorage. Single event focal mechanism solutions for the
mainshock and largest aftershock and a composite solution for 20 smaller
aftershocks all are characterized by down-dip tension axes. A My 4.0
earthquake occurped on June 20 at 200 km depth near latitude 58.5'N.,
Jo?giggde 156.25 W. (Jjust outside the southwest corner of Figure 1). On
uly 20, a
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Mp 4.7 (5.0 my) shock occurred approximately 20 km west of Il1iamna

volcano at 154 km depth. This event was felt strongly on the Kenai
Peninsula, and reported intensities include MM V at Anchor Point and IV at
Ninilchik (NEIC). The focal mechanism indicates down-dip tension and
north-south horizontal compression which agrees with the focal mechanisms
reported by Pulpan and Frohlich (1985) for Aleutian W-B zone earthquakes
with depths greater than 50 km between latitudes 59 N and 60.5 N.

Within the aftershock zone of the 1979 St. Elias earthquake, which abuts
the eastern edge of the Yakataga seismic gap, over 350 shocks were located
durin? the recent six-month period. This number represents a decrease
relative to the previous six-month period and returns the rate of activity
back to the level of February - July 1986, A swarm of 15 earthquakes with
magnitudes ranging up to MR 2.4 occurred in March about 25 km northwest

of Yakutat Bay. In May, the same area experienced a swarm of 12
earthquakes with magnitudes up to 1.8 Mg. The location of these two
swarms is identical to a cluster of events that occurred within six months
prior to the 1979 mainshock and just south of a prominent swarm that
occurred in December 1986,

In and around the Yakataga seismic gap the pattern of shallow seismicity
during the last six months was comparable to that observed for at least
the past nine years. The largest earthquake to occur in the persistent,
diffuse concentration of shallow (depth < 30 km) seismicity beneath Waxell
Ridge near the middle of the gap was a My 2.7 shock on March 2. A Mp

2.8 event occurred on May 8 approximately 40 km northwest of Kayak Island
near the mouth of the Copper River and was located at a depth of 35 km.
This is the largest shock near the inferred western edge of the gap since
a Mp 2.8 event occurred in March 1986, about 20 km north of Kayak Island.

Beneath Prince William Sound, significant levels of microseismicity are
observed that tend to be concentrated in persistent clusters. The nature
of this seismicity, whether it occurs along the buried megathrust or
within the subducted and overthrust plates, is at present uncertain. In
order to obtain improved locations and focal mechanisms for some of these
events, five digital event-triggered seismic recorders (ELOG's) were
deployed from July 9 to August 9 in a 60-km diameter array around Knight
Island. Three permanent telemetered seismic stations (two on Knight
Island and one on the Kenai Peninsula) were situated inside the array.
The ELOG recorders incorporate a new software algorithm that employs the
Walsh transform to reject non-seismic triggers. A total of 825 individual
waveforms of 12s duration were recorded by the ELOG's. Approximately 88
percent of these waveforms are from earthquakes; the rest are noise from
glaciers, aircraft, human, or unknown sources. Of the 355 earthquakes
recorded by one or more ELOG's, about one-third have at least one S-P time
interval of less than 8s (corresponding to an epicentral distance of less
than 64 km). For one conspicuous cluster of events located beneath
northern Knight Island the preliminary depths determined using phases
timed from ELOG recordings plus phases from the regional network range
from 18 to 24 km. For events from this cluster, single-event and
composite focal mechnism solutions were determined from
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intial P-wave polarities. Most of these mechanisms have nearly horizontal
T-axes oriented east-west, but a few shocks have first-motion patterns
which are clearly different from the main trend. Although these results
are preliminary, they tend to favor the interpretation that the cluster of
seismicity beneath Knight Island is occurring within the subducted Pacific
plate in response to down-dip tension from either bending of the plate or
body forces.

We have continued to relocate earthquakes recorded by the southern Alaska
regional seismograph network with velocity models based on seismic
refraction surveys conducted as part of the Trans-Alaska Crustal

Transect. Recent investigations have focused on earthquakes in the
Wrangell W-B zone and the northeast end of the Aleutian zone. We adopted
a simple two-gradient velocity model for the crust based on
seismic-refraction profiles along and across the Chugach Mountains east
and northeast of Valdez. Velocity increases rapidly with depth from 5.9
km/s at the surface to 7.1 km/s at 15 km and then slowly to 7.3 kmw/s at
the Moho at 60 km. Using well located earthquakes as calibration events,
we adopted station corrections appropriate for this model, Finally, we
relocated more than 7000 events from the region 59.5 N-63 "N and 142 -148 W
for the interval 1971-1986. The relocated hypocenters provide a clearer
picture of the relationship between the Aleutian and Wrangell (W-B) zones
and of the tectonic setting of recent seismicity in the Prince William
Sound region. We divided the study area into three regions (Figure 2).
Region A--the most active--includes the northeastern end of the Aleutian
W-B zone, which dips to the north-northwest in the region northwest of the
study area; region B--the least active--encompasses the NNE-dipping
Wrangell W-B zone. The divergence of dip between the two zones and the
marked difference in levels of seismicity previously led us to speculate
that there may be a discontinuity between the two zones (Stephens and
others, 1984). The relocated hypocenters, however, exhibit no vertical
offset in the distribution of hypocenters between the two zones; rather,
the two zones appear to be continuous (Figure 3). The relocated
hypocenters (Figure 3) also suggest that little of the recent seismicity
in the Prince William sound region originated within the shallow-crust (at
depths less than 15 km). Further, the recent activity does not appear to
be concentrated on a gently dipping surface suggestive of a megathrust.

We infer that since 1971, most of the Prince William Sound seismicity has
occurred within the subducting plate. We are currently testing this
inference (see item Knight Island).

Several modifications were made to existing computer programs within the
CUSP data processing system to facilitate analysis of Alaska seismic
data. Among the more significant additions is the ability to measured
amplitudes and periods on the seismograms in order to compute magnitudes.
Other programs were developed to integrate seismogram data from ELOG and
PC-based event detectors into the CUSP data base. Currently, comparisons
between measurements made on CUSP and equivalent measurements from
Develocorder records are being made to identify possible differences
between the two processing systems that must be corrected to ensure
compatability.
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In addition to routine station servicing, two new pieces of hardware were
installed in Alaska, as follows:

a) PCELOG - A Compaq computer with special data acquition hardware and
software written in TurboPascal was set up in Yakutat to gather seismic
data. This approach allows the recovery of seismic data from this region
without a costly leased phone line.

b) ATI (Analog Telemetry Interface) - A third generation telemetry
interface, previously called a “Filter Bridge", was also installed in
Yakutat. In addition to filtering unwanted noise the new unit has the
ability to translate VCO channels, thus allowing optimum utilization of
the few available phone line channels.
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I.1
Seismic Data Library
9930-01501

W. H. K, Lee
U.S. Geological Survey
Branch of Seismology
345 Middlefield Road, Mail Stop 977
Menlo Park, California 94025
(415) 323-8111, Ext. 2630

This is a non~research project and its main objective is to provide access of
seismic data to the seismological community. Ths Seismic Data Library was
started by Jack Pfluke at the Earthquake Mechanism Laboratory before it was
merged with the Geological Survey. Over the past ten years, we have built up
one of the world's largest collections of seismograms (almost all of them on
microfilm) and related materials. Our collection includes approximately 4.5
million WWNSS seismograms (1962 - present), 1 million USGS local earthquake
seismograms (1966-1979), 0.5 million historical seismograms (1900-1962),
20,000 earthquake bulletins, reports and reprints, and a collection of several
thousand magnetic tapes containing (1) a complete set of digital waveform data
of the Global Digital Seismic Network (Data Tapes), and (2) a complete set of
digital archive data of Calnet (CUSP archive tapes).
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Northern and Central California Seismic Network Processing
9930-01160

Fredrick W. Lester
Branch of Seismology
U.S. Geological Survey
345 Middlefield Road M/S 977
Menlo Park, California 94025
(415) 329-4747

Investigations

1.

In 1966 a seismographic network was established by the USGS to monitor
earthquakes in central California. In the following years the network was
expanded to monitor earthquakes in most of northern and central
California, particularly along the San Andreas Fault, from the Oregon
border to Santa Maria. In its present configuration there are over 350
single and multiple component stations in the network. There is a similar
network in southern California. From about 1969 to 1984 the primary
responsibility of this project was to manually monitor, process, analyze,
and catalog the data recorded from this network. In 1984 a more efficient
and automatic computer-based monitoring and processing system (CUSP) began
online operation, gradually replacing most of the manual operations
previously performed by this project. For a more complete description of
the CUSP system see the project description "Consolidated Digital
Recording and Analysis” by S. W. Stewart.

Since the introduction of the CUSP system the responsibilities of this
project have changed considerably. The main focus of the project now 1is
that of finalizing and publishing preliminary network data from the years
1978 through 1984. We also continue to manually scan network seismograms
as back-up event detection for the CUSP system. We then supplement the
CUSP data base with data that were detected only visually or by the other
automatic detection system (Real-Time Processor, RTP) and digitized from
the continuously recording analog magnetic tapes. Project personnel also
act as back-up for the processing staff in the CUSP project. As time
permits some research projects are underway on some of the more
interesting or unusual events or sequences of earthquakes that have
occurred within the network.

This project continues to maintain a data base for the years 1969 -
present on both a computer and magnetic tapes for those interested in
research on the network seismic data. As soon as the older data are
finalized they are exchanged for preliminary data in the data base.

Results

1.

Figure 1 illustrates nearly 6500 earthquakes located by this office for
northern and central California during the time period April through
September 1987. The largest earthquake to occur was a M5.5 shock that
occurred on July 31 near Cape Mendocino, approximately 75 km south of
Eureka. It was accompanied by a northeast-southwest trending, 30-35
kilometer long zone of aftershocks. To date there have been more than 260
aftershocks. There were no other earthquakes that were magnitude 5 or
larger for this time period and there were no other large or significant
sequences of earthquakes.
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Figure 2. Epicenter for 3,882 selected relocated earthquakes from
1971-1986. Selection criteria: RMS<0.5s, lengths of horiontal
axes of 68 percent joint confidence ellipsoid < Skm, length of
vertical axis < 10 km, total number of phases > 8, and number of
S phases > 3. Symbol type indicates depth; symbol size
indicates magnitude. A,B, and C indicate regions. Heavy line
XX' is projection plane in Fig. 3.
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Figure 3, Hypocenters for 1,546 selected relocated earthquakes from

regions A and B projected on to NNE-SSW vertical plane (XX',
Fig. 2). For region B, the data are those included in Fig. 2.
For region A, the data are a subset of those in Fig. 2 selected
by the criteria: RMS<0.3s, lengths of horizontal axes of 68
ercent confidence ellipsoid < 3 km, length of vertical axis < 5
m, total number of phases > 10, and number of S phases > 4.
Curved 1line indicates inferred upper boundary to seismogenic
zone within the subducting plate.
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Final processing of data for the second half of the calendar year 1982 is
complete and those data are ready for publication, as are the data from
the Lake Shasta area for 1981-1984.

Since June 1986 this project has been involved in a combined effort with
personnel from many different projects. The first purpose of this group
endeavor is to collect all available seismic data pertaining to the more
than 150,000 earthquakes that the USGS has located in northern and central
California, mainly from 1969 to the present. Those data will then be
combined, checked for errors and omissions, reprocessed as necessary, and
finalized for publication. It is estimated that this job will take at
least one year, which is much less time than would be necessary for this
project alone. Personnel in this project will be responsible for .
coordinating much of this group effort. To date all but a small portion
of the data have been collected, had gross errors corrected, and have been
rerun through the location program.

For the time period April- September there were from 0 to 6 events per day
missed by the CUSP automatic detection system, with an average of 2.6
missed each day. These were added to the existing CUSP data base from the
back-up magnetic tape and processed using standard CUSP processing
techniques. Most of the earthquakes that were missed occurred in northern
California, north of latitude 39 degrees. This 1s a particular problem
in the north because of telemetry noise that exists on those circuits. To
avoid producing an abnormally large number of false triggers in the
detection system the trigger thresholds are often set higher than normal
and therefore some of the real events are missed.

Quarterly reports were prepared on seismic activity around Monticello Dam,
Warm Springs Dam, the Auburn Dam site and, New Melones Dam for the
appropriate funding agencies.

For the past 2 or 3 years Mari Kauffmann has been involved in the
development of an automatic system to pick p-phases off magnetic tapes
from portable 3-component seismographs. The system is now operational and
is being utilized with Mari as the chief operator. There are several other
people involved and they have made improvements so that digital
seismograms can also be produced on magnetic tape. These seismograms can
then be processed and analyzed using CUSP software. To date Mari has
processed a large volume of data from numerous California earthquake
sequences from areas that include Long Valley, Coalinga, Kettleman Hills,
Morgan Hill, Chalfant Valley, and Palm Springs.
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Earthquake Hazard Studies in the Northeast United States
14-08-0001-A0261

L. Seeber
J.G. Armbruster
D. Johnson
Lamont-Doherty Geological Observatory
of Columbia University
Palisades, New York 10964
(914) 359-2900

Investigations:
1. Monitor seismic activity in New York State and vicinity

2. Record locally the aftershocks of the July 13, 1987 Asutabula, Ohio earthquake. Study the
implications of this probably induced earthquake.

Results:

The 13 July 1987 Ashtabula earthquake in Ohio is the best candidate yet for a macroseismic
event in the eastern U.S. which has been induced by fluid injection in a deep waste disposal well.

This event generated relatively abundant aftershocks which were locally monitored with
analog and digital seismic recorders beginning two days after the main shock. All 36
well-determined hypocenters are clustered in a narrow E-W striking vertical plane about 1.5 km
long, 2 km in depth and 1/4 km wide. First-motions fit a well constrained composite fault-plane
solution characterized by a vertical east-west plane with horizontal left-lateral slip (Figures 1 & 2).
No evidence for such a fault has been reported in the Paleozoic sediments. The Appalachian
Plateau in northeastern Ohio is characterized by subhorizontal Paleozoic sediments (4.5 km/sec)
above Precambrian basement (6.0 km/sec). The depth of the unconformity in the epicentral area is
1.8 km. The July 1987 hypocenters are scattered at and below the unconformity. Considering
location uncertainties, all earthquakes could be generated in the basement.

The July 1987 Ashtabula event is near an injection well; the zone of injection is less than a
km from the July 1987 hypocenters (Figure 2). Except for one event in 1857, no other earthquakes
are known to have occurred within 30 km of Ashtabula. Thus, there are good grounds to suspect
that the earthquake was induced by injection activity. The Ashtabula well has been active for about
one year at a nearly uniform flow rate of 30 gal/min and a head pressure of 10 MPa. In 1986 an
M = 5 earthquake occurred near Chardon 45 km southwest of Ashtabula. A causal relation
between that event and several injection wells located 10 km north of the epicenter is also
considered possible. These and other disposal wells in Ohio inject waste fluid into the Mt. Simon
sandstone which lies immediately above the unconformity. High-permeability paths may include
brittle faults in the basement, as suggested by the seismicity.

Stress data from the Appalachian Plateau indicate that the Paleozoic sediments are subjected
to differential stresses which are close to failure levels and suggest that the stress perturbation
caused by waste disposal could cause failure. No stress data are available for the basement.

Given the increasing reliance on deep wells to dispose of fluid waste, the mechanical effect

of injection in the seismogenic upper crust and the potential for induced damaging earthquakes need
to be considered.
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Fig. 2. Two cross sectional views of 35 aftershocks. Note the well defined
fault plane in or very near the basement and the proximity of the bottom of

the well to the hypocenters.
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Regional Microearthquake Network in the
Central Mississippi Valley

14-08-0001-A0263

William V. Stauder and Robert B. Herrmann
Department of Earth and Atmospheric Sciences
Saint Louis University
P.O. Box 8099 Laclede Station
St. Louis, MO 63156-8099
(314) 658-3131

Investigations

The purpose of the network is to monitor seismic activity in the Central Mississippi Valley
Seismic zone, in which the large 1811-1812 New Madrid earthquakes osccurred. The following sec-
tion gives a summary of network observations during the first six months of the year 1987.

Results

In the first six months of 1987, 154 earthquakes were located and 52 other nonlocatable
earthquakes were detected by the 42 station regional telemetered microearthquake network
operated by Saint Louis University for the U. S. Geological Survey and the Nuclear Regulatory
Commission. Figure 1 shows 140 earthquakes located within a 4° x 5° region centered on 36.5°N
and 89.5°W. Seismograph stations are denoted by triangles and are labeled by the station code.
The magnitudes are indicated by the size of the open symbols. Figure 2 shows the locations and
magnitudes of 112 earthquakes located within a 1.5° x 1.5° region centered at 36.25°N and
89.75°W. Figures 3 and 4 are similar to Figures 1 and 2, but the epicenter symbols (squares) are
scaled to focal depth.

In the first six months of 1987, 103 teleseisms were recorded by the PDP 11/34 microcom-
puter. Epicentral coordinates were determined by assuming a plane wave front propagating across
the network and using travel-time curves to determine back azimuth and slowness, and by assum-
ing a focal depth of 15 kilometers using spherical geometry. Arrival-time information for telese-
ismic P and PkP phases has been published in the quarterly earthquake bulletin.

The significant earthquakes occurring in the first six months of 1987 include the following:

1. 16 January 1987, UTC 0325, 35.86° N, 89.97° W: felt (III) at Blytheville and Dell, Arkansas.
my, (10Hz)==2.7 (SLM), m;z,=3.0 (NEIS).

2. 27 March 1987, UTC 0729, 35.57 °N,84.21°W: slight damage (VI) at Friendsville, Green-
back, Louisville and Tallassee. Felt (V) at Benton, Delano, Harriman, Jacksboro, Philadel-
phia, Sweetwater, Tellico Plains, Turtletown and Vonore. Also felt (V) at Epworth and
Mineral Bluff, Georgia. Felt in much of eastern Tennessee and in parts of Georgia and North
Carolina. my,=(10Hz)=4.2 (SLM), m,;,=4.2 (NEIS), m, =4.3 (PDE), m;=4.3 (TEIC).

3. 10 June 1987, UTC 2348, 38.71°N, 87.95°W: minor damage in parts of Illinois, Indiana
and Kentucky. Felt in parts of 21 states and Canada. my,(10Hz)=5.2 (SLM), m,=4.9
(PDE), M,,=4.4 (PDE).
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4. 13 June 1987, UTC 2117, 36.54° N, 89.69° W: felt in the Kennett-Portageville-New Madrid
area. mp,(10Hz)=4.1 (SLM), m,;,=4.1 (NEIS), m,=4.1 (TEIC).

5.  An absence of seismic activity has been noted on the southwest extension of the New Madrid
fault zone at approximately 36°N and extending about 15 km to the southwest. The last
event in this zone occurred in the first quarter of 1985.
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Consolidated Digital Recording and Analysis
9930-03412

Sam Stewart
Branch of Seismology
U. S. Geological Survey
345 Middlefield Road, Mail Stop 977
Menlo Park, California 94025
(415) 329-4772

Investigations

This project is responsible (1) for operating, on a routine and reliable
basis, a computer—automated system that will detect and process earthquakes
occurring within the USGS Central California Earthquake Network (also known as
CALNET), (2) for maintaining and developing software relevant to automated
processing techniques, including analog-to-digital conversion and processing
of events from analog magnetic tapes, and (3) for making the data available
for research purposes on a timely basis. Presently, the signals from about
490 seismic instruments (including hi-gain vertical seismometers, lo-gain
3-component seismometers, force balance accelerometers and dilatometers) are
telemetered to a central recording point in Menlo Park. One PDP 11/44
computer system is dedicated to omline, realtime detection of earthquakes and
storing of the digitized waveforms for later analysis. A second PDP 11/44
computer is dedicated to offline timing, processing and archiving of the
waveform data. The DEC VAX/750 operated by the Branch of Seismology is used
for final processing and archiving of the earthquake data. This computer is
used by the research staff to obtain our data for research purposes. The
total processing hardware/software systems used by the three DEC computers is
known generically as the 'CUSP' system. The system was conceived of, designed
and developed by Carl Johnson while in Pasadena. It has been modified
considerably by Peter Johnson, Bob Dollar and Sam Stewart to meet the specific
needs of Menlo Park.

Results

1. The CUSP system processed approximately 5406 earthquakes detected online
during the period April thru September. Of these, 5171 were classified as
'local' events, and 235 were classified as 'regional' or 'teleseismic’.
The usual few thousand non-seismic noise events that were detected had to
be examined and deleted from the system as well. In addition, we are
reviewing and cleaning up older data, using programs and techniques that
were not available to us when the system first started in January 1984,

2, Major progress was made in reducing the transient noise introduced into
the online analog-to~digital converter by noise sources within the
computer room and telemetry instrumentation room. By introducing a new
grounding rod and re-arranging sources of line power in the telemetry
room, digitizing noise was reduced from a high range of about 500 mv to
about 50 mv. By adding a .33 micro-farad capacitor to the input of each
of the 16 channels on one of the digitizer multiplexor cards, noise was
reduced from a high range of about 50 mv to about 5 mv. This modification
remains to be done to all of the other multiplexor cards.



3.

4,

3.

6.

7.

I.1

Digitizing of earthquakes recorded on the ‘'daily' analog telemetry tapes,
and insertion of these events into the CUSP processing flow, is now
happening on a routine basis. Bob Dollar and Peter Johnson developed
software that allows digitizing at a rate of 128,000 bytes/sec on the
VAX/750. This allows 40 analog channels to be digitized at a rate of 100
samples/second, using a tape speed-up factor of 16x. In addition, they
developed a Command Line Interpreter and associated data base system that
simplifies and organizes entry of digitizing requests into the system,
optimizes the selection of events to be digitized, and keeps track of the
status of each digitizing request.

The CUSP timing system on the VAX/750 was modified by Chris Stephens
(Alaska Seismic Studies project) to allow amplitudes and periods of
waveforms to be measured by the analyst while the waveform is being
routinely timed. A ‘weight' and phase-identifying remark can also be
entered. This is a significant improvement, in that this provides the
fundamental data to calculate earthquake magnitudes from amplitude and
period measurements.

A Megatape 'streaming' tape drive was added to the VAX/750 and to the
Parkfield Microvax-II data acquisition system by Bob Dollar. The 750
megabyte capacity (formatted) is equivalent to about 6 or 7 of the
standard 2400 foot tapes recorded at 6250 BPI density. Use of this system
results in the following advantages: (1l)disk~to-~tape backup operations on
the 750 can be done more efficiently while at the same time the
tri-density tape drive is freed up for other uses; (2) at Parkfield, the
Microvax-II can function as a very high-data—capacity field recording
system, reducing to a large extent the possibility of running out of tape
during an active seismic sequence; (3) at Parkfield, the online data
acquisition system can run as a diskless system, using only the CPU,
memory and the Megatape drive--thus very strong ground motion that might
cause disk heads to crash should not affect this configuration of the
Parkfield Microvax II.

Peter Johnson developed some very useful Block I/0 data transfer
subroutines for the VAX/VMS system. These routines are the backbone of
any largescale data acquisition or processing operations, are Fortran
callable, and the user need not understand the details of VMS system
service calls to use these routines.

A Texas Instruments 2115 Laser printer was installed on the VAX/750. The
CUSP graphic programs TROUT and PLOTALL were modified by Peter Johnson to
plot to this device. Although the plots are much cleaner than those from
the Versatec 1200 plotter, the increased plot time and disk space that are
required 1imit the usefulness of the Laser printer, so far.

Reports
Lee, W.H.K., and S.W. Stewart (1988). Large Scale Processing and Analysis of

Digital Waveform Data from the USGS Central California Microearthquake
Network. Proc. of the Centennial Symposium of the University of
California Seismographic Stations, May 28-29, 1987.
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Seismic Monitoring of the Shumagin Seismic Gap, Alaska
USGS 14-08-0001-A0260

John Taber
Lamont-Doherty Geological Observatory of Columbia University
Palisades, New York 10964
(914) 359-2900

Investigations

Seismic data from the Shumagin seismic network were processed to obtain origin times,
hypocenters, and magnitudes for local and regional events. The processing resulted in files of
hypocenter solutions and phase data, and archive tapes of digital data. These files are used for
the analysis of possible earthquake precursors, seismic hazard evaluation, and studies of
regional tectonics and volcanicity (see Analysis Report, this volume). Yearly bulletins are
available starting in 1984.

Results

The Shumagin network was used to locate 642 earthquakes from January through August
1987. The seismicity of the Shumagin Islands region for this time period is shown in map
view and cross section in figure 1. The largest event in this period in the region occurred on
6/21/87, had a M, of 6.2, and was located south of the network at 54.04N, 162.46W (obvious
cluster on seismicity map). The event was felt up to 300 km away. 139 aftershocks have been
located through August, the largest having an m, of 5.5. Not including the aftershock
sequence of the June event there were 14 events over magnitude 4. The largest of these earth-
quakes was an m, 5.1 event on 5/2/87 that was felt (intensity V) in Sand Point. Otherwise the
overall pattern over this time period is similar to the long term seismicity. Concentrations of
events occur at the base of the main thrust zone and in the shallow crust directly above it. The
continuation of the thrust zone towards the trench is poorly defined. West of the network
(which ends at 163°) and the June sequence, the seismicity is more diffuse in map view and
extends closer to the trench. Eight of the 14 located events larger than magnitude 4 that were
not aftershocks of the June event occurred in this western region. Below the base of the main
thrust zone ("45 km) the dip of the Benioff zone steepens. Part of the double plane of the
lower Benioff zone is evident near 100 km depth.

Servicing of the network was successfully completed in June and July. All stations were
visited and all were still operational as of 10/31/87. The network is capable of digitally
recording and locating events as small as M,;=0.4 with uniform coverage at the 2.0 level.
Events are picked and located automatically at the central recording site in Sand Point, Alaska
and the results, along with subsets of the digital data, can be accessed via telephone modem.
Onscale recording is possible to “M,=6.5 on a telemetered 3 component force-balance
accelerometer. Larger events are recorded by one digitally recording accelerometer and on
photographic film by 12 strong-motion accelerometers.
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figure.
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Earthquake Hazard Research in the Greater Los Angeles Basin
and Its Offshore Area

#14-08-0001-A0264

Ta-liang Teng
Thomas L. Henyey
Egill Hauksson

Center for Earth Sciences
University of Southern California
Los Angeles, CA 90089-0741
(213) 743-6124

INVESTIGATIONS

(1)

(2)
(3)

Monitor earthquake activity in the Los Angeles Basin and the adjacent
offshore area.

Upgrade data acquisition system for the USC LA Basin network.
Upgrade of telemetry electronics used by remote field stations. A new

version of the microprocessor-based Optimum Telemetry System has been
deployed for field testing at one seismic station.

RESULTS

(1)

(2)

The earthquake activity that occurred in the Los Angeles basin from
January 1 to October 15, 1987 is shown in Figure 1. The seismicity rate
during 1987 is similar to the rate that was recorded during the previous
three years. The earthquake activity in the Los Angeles basin is
characterized by single shocks that are scattered throughout the region.
Several spatial clusters are observed in the monitoring region. Clusters
of seismicity are observed at the northern segments of both the
Newport-Inglewood fault as well as the Palos Verdes fault during 1987.
The adjacent offshore area in Santa Monica Bay is also characterized by a
moderate level of seismic activity. A cluster of earthquakes is observed
near the aftershock zone of the 1973 Point Mugu earthquake. The Whittier
Narrows (M_=5.9) main shock-aftershock sequence is also shown in Figure
1. Over 250 aftershocks were recorded by the USC Los Angeles basin
seismic network from October 1-15, 1987.

We have installed a new 16 bit Tustin A/D and a MicroVAX II workstation
to record the Los Angeles Basin network data. In Figure 2 we show a
schematic diagram of the hardware configuration. We currently digitize
48 channels at 100 sps. To the right in Figure 2 we indicate how much of
the system resources are used during periods of background activity.
During the Uctober 1987 Whittier Narrows main shock-aftershock sequence
this new system performed very well and recorded over 250 aftershocks.
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(3)

The online and offline software that we run on the MicroVAX II
workstation to collect and analyze earthquake data is shown in Figure 3.
The different computer programs are indicated by square boxes and
hardware parts are indicated with round edge boxes. The programs used
for data acquisition were initially written by Carl Johnson and later
modified by Bob Dollar (both of USGS). The None-CUSP programs used for
offline processing were either developed at USC or are standard USGS data
analysis programs such as HYPOINVERSE by Fred Klein. This software
package allows us to collect and analyze data on the same MicroVAX. In
the future when CUSP has been adopted for MicroVAX we plan to standardize
our offline data processing software.

A second generation of the Optimum Telemetry System (0TS) has been
designed and deployed in the field. The front-end anti-aliasing filters
have been upgraded to 7 poles. To minimize electronic noise the
microprocessor has been placed on a separate circuit board. The design
goals are to achieve a background noise level of 1 mV or less. Field
testing of the new OTS began one week before the October 1, 1987 Whittier
Narrows earthquakes.

The OTS was installed at station GFP, located on granitic bedrock 25 km
away from the Whittier Narrows main shock. In Figure 4 we show gain
ranged, vertical component, seismograms from the (M =5.9) main shock,
(M_=5.3) largest aftershock and a small (M =3.4) aftershock. The main
shock seismogram is similar to the (USGS) vertical component strong
motion records from the Whittier Narrows Dam, located a few km away from
the main shock epicenter. These on-scale seismograms will be used to
study source parameters of the Whittier Narrows sequence and to establish
local scaling relationships. Furthermore, these seismograms can be used
for studying weak motion site effects in the Los Angeles basin.

REPORTS

Hauksson, E., Seismotectonics of the Newport-Inglewood Fault Zone in the Los
Angeles Basin, Southern California, Bull. Seism. Soc. Amer. 77, 539-561.

Hauksson, E., T. L. Teng and T. L. Henyey, Near-Surface Attenuation of Wave-
forms of Local Earthquakes: Results from a 1500 m Deep Downhole Seismometer
Array, to appear in Bull. Seism. Soc. Amer., December, 1987.

Hauksson, E., Seismotectonics of the Newport-Inglewood Fault Zone and the
1933 Long Beach Earthquake (M_ = 6.3) in the Los Angeles Basin, Southern
California, presented at S.S.A. Meeting Santa Barbara, March, 1987.
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